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THE ISOTOPIC ANALYSIS OF DIMETH’YL SELENIDE

by B. B. tlcInteer

Los Alamos National Laboratory

ABSTRACT

The separated inotopes of selenium may be used as stable precursors for

the synthesis of radio-bromine isotopes for positron emitter tomographic

diagnostics. Aa part of a project to find a suitable distillation method

for separating selenium isotopes, the need arose to study the organo-metallic

compounc! dimethyl aelenide. The complexity of the ❑aas spectrum tended to

obscure the ~sotope effect with 35 major peaks being measured. A least-

squares fitting procedure was developed for the 13 fragmentation factors as

well as a few hundredths of a percent, yet no sizeable separation was

observed across the test column. According to these measurements, Lhe effect

of one ❑ ass unit increase in the selenium ictope results in less than 10 ppm

in the vapor pressure of the compound.

DIS(”I,AIMER



The separated isotopes of selenium may be used as stable precursors for

the synthesis of radio-bromine isotopes for positron emitter tomographic

diagnostics. We have beetl engaged in a project to search for a suitable

distillation method for separating the selenium isotopes. This report is

of the studies ❑ade on dimethyl selenide as a distilling medium.

A small laboratory test column was used for the purpose which was 93 cm

long, with an inside diameter of 1.4 cm which was packed with Helipak #3015

(Podbelniak, Inc.). The column subtended folr equally spaced sampling leaks

which fed directly to the mass spectrometer about 15 m away. Each column

section contai~ed an estimated 30 theoretical plates. The column was studied

at a reduced pressure of 130 torr corresponding co a column temperature of

100’:. All processing equipment for the selenium compound was housed in a

glovebox, due to its extreme toxicity.

The mass spectrum obtained from one o: tl~cse leaks is ShfJWn in Fig. 1.

Thirty-five peaks are involved, discounting a few small peaks which were

ignored. Some assignments are shown io the figure, but a considerable

redundancy is presen; at most mass peaks, with, up to four contributions to

each peak.

The selenium stable isotopes are of mass:

‘k
= 74, 76, 77, 78, 80 and 82

Observed fragmcllt types ace

Se+, S{’t{+, S(!}{;, SPH++3
salt , w}{+~! secl-13, SCCH:

SeC2H~$ ~ ~, SeC2H~ and SC*C2H~:)(!C H

The total mass of an ion, m’!, tomes from an lsotopr of mass mk and it ftagmt?nt
L

of mnss m! where:
.1

= Q, 1, 2, 3, 12, 13, 14, 15, 16, 27, 28, 29 and 30
‘i

iind whrrc

=m
‘; k ‘} ‘j (1)

‘ML resllltin~ values of m! ran~e from ma~s 74 Lo li2.
1

Apart from t-he n(lrniurn isiltopic varint.ions there iir~ small contributions

from the minor isotoprs of carbon and tlydrogen to this spectrum, For our

purposes, the hy{lrogen isotope contrjblltions were neglected I)llt the <’arbon-13
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sophisticated procedure could have been developed to take account of the

carbon isotope contribution.

At this point then, the theoretical er predictive function for inter-

preting the spectrum consists of six parameters, Ck, which are the atom

fractions of the selenium isotopes, and thirteen parameters, f., which are
J

the fragmentation factors. The contribution of a particular fragment of

❑ ass ❑! and from isotope of ❑ ass ❑k is of amount f.c to the ~th spectral
J Jk

peak where m! i.s the sum of such terms, or
1

T=l (2)
i jk ‘jck

The deviation of this predicted value from the observed height, Pi, is Pi-Ti

and the function to be ❑inimized in a least-squares fitting is

s = # Zi (Pi-Ti)2 (3)

To satisfy this ❑inimization process for the parameters, fj, we wish LO cause

the various functions to vanish given by

aslaf, = o (4)

Each of these functi&s is a linear function of the f’s (though not of the

c’s), and may be written In matrix notation

Wf=v (5)

wherv the elements of W are bilinl -.r combinations or the c’s of the form

Zckcl and the elements of V are of the form ZckPi. Thus, if one knows (or

assumes) the c’s, the f’s arc found from eq. 5 as

f = w-% ‘ (6)

The pLocedure for solution of the c’s ~~ somewhat similar, but is complicated

by the constraint of Zck=l sc that the r’s are not independent. In this case,

Eq. 4 does not hold, but rather

asiack ~ h (7)

where A is an ur ‘ termined constant. We may form the matrices W, V, and c

as before with f’s replacing the c’s of the previous description, but their

relationship is

WC-V = AI (8)

where I is a column vector of unit elements. From Eq. 8 we havi.

c =D+M (9)

whr t-e D = W-’v (lo)

E = w% (11)



Then Zck=l implies

A = (l-ZDk)/ZEk (12)

and the elements of a c are given by Eq. 9.

This method of analyzing a sample of dimethyl selenide starts with ati

assumption of one of the vectors c or f, then calculates the other, permitting

the first to be recalculated etc. Thus it is strictly speaking an iterative

method and is open to questions of convergence. In this ●xample, however,

the f’s and c’s converged very rapidly for a given spectrum. Figure 2 shows

a printout of a fitted ❑ass spectrum.

Having obtained an interpretation for ●ach spectrum, we next were faced

with interpreting the resulting isotopic analyses from points along a test

distillation column in order to evaluate the relative separation factors or

vapor pressures of the several isotopes. Since it was evident from prelim-

inary evidence that these effects were very small in our test column, it is

appropriate to consider a linear perturbation upon a uniform column. If the

atomic weight of selenium is taken to be

Zc”mM=li (13)
o

where c i is the normal abundance of the ~th isotope, then the variation along

the column is given by

ci(n) = xi + ?n~mi - H) (14)

where n is the number cr’ theoretic~l plates along the column and is aqsumed

to be known. The par,lmeters to be !itted are xi (i=l. ..6) and c. This linear

least-squares ftting problem is st~aightforward except that, as before, the

set x i are not independent but instead satisfy Zxi = 1.

Figu~es 3 and 4 are :! printout of the best fitted results to a full

column survey on twc differmt days. On Oct. 24, the seq~ence was #4 (top)

to #1 (Bottom), while on Oct. 27 this was reversed. Although each set of

data confirms a small vapcr pressure effect, the predicted resul~ of Much

an effect is so small aa to lend doubt that this result is real.

Thus the conclusion from this study is that the isotopic vapor pressure

effect in dimethyl selenium ia eithrr very small (~bout 10 ppm) or zero.
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Abundance

0. 3%0
0.492
1.267
1.013

2.9i9
1.969
1.517
2.637
0.216

0.451
0.129
0.258
1.620

2.553
5.619
S. 723

13.174
6.501

1~.281
1.399
2.S;4
0.2G1
0.+12

0. S89
2.704
3.668
5.977
“ 162L.

12.563
0.417
2.252

0.935
9.422
5.998

25.530
50.199

9.017

0.399
0.478
i.280
1.014

2.913
1.989
1.5i9
2.639
0.208

0.447
0.117
0.276
1.663

2.!300
6.603

“5.699
13.169

6.5i19

14.208
1.400
2.340
0.223
C.373

0. %64
2.687
3.630
5.996
2.170

12.554
0.357
2.251

F( C))
FC 1)
F( 2)

F( 3j
F; 12)
Fi 13)
F( 14)
F( 15)
F( 16)
FC 27)
F( ~s)
F( 29)
F( 30)

S.D. 0.001146

0.021
-0.014

0.013 .
0.001

-J.so:
0.000
0.002
0.0G2

-0.008

-a.oo4
-0.012

0.018
c. 043

0.027
-0.016
-0.024
-Q.006

0.007

0.096
0.001
0.006

-0.038
-G.040

-0.024
-0.017

0.922
G.02CI
G.00E

-0.009
-0.060
-0.001

+
4.031 Se
1.636 Hse+
2.s02
4.363 +
1.831 Cse

13.950
Fragmentation

12.37: FactorsL

Figure 2 - ‘I’he Least-squares fitted spectrum



POINT s 4
CHLC . [[ES. DIFF.

Se-74 .817 , 83’Z -0.015
::-;: 9.428 9.419 0.0[19

6.933 7,014 -0.081
&; 23.532 23.529 0.003

5; .x; 5:0 ;;: 0.071
Se:f32 . -. 00014

POINT # 3
CRLC o CIRS , DIFF,

Se-74 .816 ,922 -0.006
Se-76 9.419 9.443 -0.023
Se-77 609~9 6.941 -0.013
Se-7El 23.5?4 23.541 -0.017
Se-80 50,27S 50.240 0.038
Se-82 91033 9.015 0.019

POINT m 2
CflLC . (3ES . DIFF.

Se-74 .815 ,813 0.002
%-76 9.411 9.455 -0.044
Se-77 6,524 6.899 0,025
Se-78 23.516 23,557 -0.041
Se-80 5;.;:: 5;.;;; 0,027
%-82 . . 0,031

POINT # 1
CRLC a ,809 DIFF,OHS

Se-74 *813 0,004
::-;; !3,402 9.448 -(J,o/1~

6,9~~ 6.904 0.016
Se-78 23,509 23.S47 -0.038
Se-80 5y;g~ 5;.;;; 0.031
Se-82 -. , 0.033

Figure 3 - Analysis of the column profile on Oct. 24. Each “observed”
spectrum is the mean of three independent scans. The entire set of data
has been least-squares fitted to the assumed epsilon and the indicated
intercepts. Thirty plates are assumed between points.
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● . 0.003

3
CGLC .

.811
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6,909
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2
CfiLC .
.810

9.428
6.907

o~~,

.801
!3.470
6.s86

23.55G
50.266
9.021

OBS .
.812

!30459
5.892

23.532 23.563
50.291 5L).267

9.032

DIFF.
0.010

-0.037
0.02’3

-0.019
0.017
0.0U6

DIFF,
-0.002
-rj.ool
0,015

-0.031
0.024
0,[)24

1

CflLC a 0B5 . DI;”F.
.8U9 .807 0.002

%,424 9,445 -0.021
6.905 6.897 O.ooti

23.528 23.545 -0.017
5;.;:: 50,294 0.005.

0 9,014 0,022

Figure 4- Similar to Fig.3 but for a different day,


